The order of the stress singularity of a magnetoelectroelastic bonded antiplane wedge is analyzed by complex potential function and eigenfunction expansion method. Contrary to the familiar problem of elastic anisotropic bonded wedges which always produce real values for the order of singularity, the results of the magnetoelectroelastic bonded wedges may be real or complex. Numerical results are presented for problems with different boundary conditions. In particular, special behaviors of the order of the stress singularity for some degenerate composite materials and for some special wedge angles are noted.
Introduction
The investigations of the stress singularities at the apex of the wedge generated by the discontinuities of material properties and geometry are one of the typical fracture mechanics problems. In the literature, the stress singularities near the tip for either isotropic or anisotropic elastic wedges have been widely investigated (e.g., [1] [2] [3] [4] [5] [6] ). Due to the important applications of the piezoelectric materials, the stress singularity problems near the tip of the piezoelectric bonded wedge have been studied recently, for example, Xu and Rajapakse [7] , Chue and Chen [8] and Chen and Chue [9] . Recently, cracks in a magnetoelectroelastic material under antiplane shear loading and in-plane electrical and magnetic loadings have been treated by Hu and Li [10, 11] .
Because of a unique property of magnetoelectric coupling effect resulting from the interaction between magnetism, electricity, and mechanism, piezoelectric-piezomagnetic composite materials or magnetoelectroelastic materials are used in a remarkably wide variety of application including intelligent or active structures, magnetoelectromechanical transducers, magnetic sensors, and acoustic actuators. Due to the singular stress fields near the tip of the wedge inside materials or structures, fractures occurred at the stress singularity point make the disadvantage of the function. The singular stress fields can be expressed as r ij ðr; hÞ ¼ kr kÀ1 f ij ðhÞ; ð1:1Þ
where (k À 1) represents the orders of the stress singularity, k is the stress intensity factor, and f ij (h) is the angular function. This paper attempts to explore the orders of the stress singularity near the tip of the magnetoelectroelastic bonded antiplane wedge by complex potential function and eigenfunction expansion method. Following Section 2, the basic equations for magnetoelectroelastic media are summarized first. In Section 3, the solution for dissimilar magnetoelectroelastic bonded wedge is presented. In Sections 4, the numerical results are discussed. Finally, this paper is concluded in Section 5.
Basic equations for magnetoelectroelastic media
In a fixed rectangular coordinate systems x i (i = 1, 2, 3), the basic equations for a linear magnetoelectroelastic solid are given by [12] [13] [14] Constitutive equations r ij ¼ c ijkl s kl À e kij E k À q kij H k ;
ð2:1Þ
The extended strain-displacement relation s ij ¼ 1 2 ðu i;j þ u j;i Þ; E i ¼ À/ ;i ; H i ¼ Àu ;i : ð2:2Þ
Governing equations for no body force, electric charge density and electric current density
In Eqs. (2.1)-(2.3), a comma followed by i (i = 1, 2, 3) denotes partial differentiation with respect to the ith spatial coordinate; the repeated indices imply summation over that indices. u i , / and u are the elastic displacements, electric potential and magnetic potential, respectively. r ij , s kl , D i , E k , B i and H k are the stress, strain, electric displacement, electric field, magnetic induction and magnetic field, respectively. c ijkl , e ikl , q ikl , e ik , d ik and l ik are the elastic, piezoelectric, piezomagnetic, dielectric, magnetoelectric and magnetic permeability constants, respectively. These material constants satisfy the following symmetric relations:
ð2:4Þ
Since we are interested only in the problems of antiplane displacement component coupled with the inplane electric field components and inplane magnetic field components, the displacement, electric field and magnetic field will take the following special forms, which are expressed as In polar coordinate systems (r, h), the generalized strain (shear strain, electric field and magnetic field) can be expressed in terms of u as
Similarly, the components of generalized stress (shear stress, electric displacement and magnetic induction) in polar coordinates can be expressed in terms of u as In the following, the power of the stress singularities k À 1 will be investigated for the magnetoelectroelastic bonded wedge. Those d = k À 1 in the region À1 < ReðdÞ < 0 ð2:21Þ
will be of interest and will be presented.
Characteristic equations for the dissimilar magnetoelectroelastic bonded wedge
Consider a two-bonded magnetoelectroelastic wedge as shown in Fig. 1 . The wedge angles of magnetoelectroelastic materials 1 and 2 are denoted by a and b, respectively. Let the bonded interface be lie on the x 1 -axis. The characteristic equations for the determination of the order of stress singularities are derived in the following for three different boundary conditions prescribed on the surfaces of the wedge.
Case 1: The traction-free, electrically and magnetically insulated-traction-free, electrically and magnetically insulated wedge
The first conditions considered at the boundary edges are assumed to be traction-free, electrically and magnetically insulated: The superscripts (1) and (2) Eq. (3.7) can be further rewritten into the following three equations:
ð3:9Þ
where
ð3:13Þ
Note that g and f must satisfy gf = À p/3 [15] .
* * * * * * * * * * 
Case 2: The fixed and grounded-fixed and grounded wedge
The second conditions considered at the boundary edges are assumed to be fixed and grounded: ð3:14Þ
The continuity conditions at the bonded interface are assumed to be the same as case 1, i.e., Eq. (3.2). The derivation of the characteristic equation is similar to that for the case 1 so that we only record the final result below. We have Table 1 The order of the generalized stress singularity when j < 11.34 j 6 0.053 0.053 < j < 0.256 j = 0.256 0.256 < j < 11.34 
No replacement is required for a 2 .
Case 3: The traction-free, electrically and magnetically insulated-fixed and grounded wedge
The last case treated will be one of the conditions at the boundary edges is assumed to be traction-free, electrically and magnetically insulated, the other is assumed to be fixed and grounded: The continuity conditions at the bonded interface are again perfectly bonded, the same as case 1, i.e., Eq. 
ð3:19Þ
where three coefficients A 1 , A 2 and A 3 are again expressed in Eq. (3.10). It is observed that for three different cases the derived characteristic equations all take similar forms. The common feature is that the dependence of these roots on the material constants is all through the parameters A i , i = 1, 2, 3. These parameters are related to material constants as defined through Eqs. According to above classifications, we note that among all cases there are only one case which may give rise to complex eigenvalues. That is the case of a non-vanished, unequaled extended angles (i.e., a 5 0, b 5 0 and a 5 b) wedge with D > 0. All the rest cases will possess only real roots.
Numerical results and discussions
In this section, we will present some numerical results and discuss the effects of the material constants on the behaviors of the order of the generalized stress singularity 1, 2, 3 
where N is the force in Newtons, C is the charge in Coulombs, A is the current in Amperes, s is the time in seconds and m is the length in meters. Let the material 1 of the magnetoelectroelastic bonded wedge be CoFe 2 O 4 and material 2 be BaTiO 3 , respectively. For the purpose of the following discussions, we will choose the material property e 15 of material 2 to be a multiple of the material BaTiO 3 , i.e., we let respectively. In the following we will focus on the problem where the wedge angle a of the material 1 is equal to 180°while the wedge angle b of the material 2 may be varied, i.e. 0°< b < 180°.
Case 1
We first present the order of singularity d i (i = 1, 2, 3) for the conditions of the boundary edges are tractionfree, electrically and magnetically insulated. The numerical results are shown in Figs. 4-7 .
The common features shown in Figs. 5-7 may also be summarized in Tables 1 and 2 according to whether j > 11.34 (D > 0) or j < 11.34 (D < 0). First note that all the order of the generalized stress singularity d i (i = 1, 2, 3) listed in Table 1 are real when j 6 11.34. It is also observed that there order of the stress singularity for d 1 is square root when j = 0.256 and those for d 1 will be higher than square root if j < 0.256 and lower than square root if j > 0.256. The order of singularity for d 3 disappear if j > 0.053 and b < 90.0°which may be easily observed from Fig. 7 . Table 3 The order of the generalized stress singularity when j < 11.34 j < 0.053 j = 0.053 0.053 < j < 0.256 0.256 < j < 11.34 Table 4 The order of the generalized stress singularity when j > 11.34 j > 11.34 Listed in Table 2 are the results for j > 11.34. For this situation, it is noted that the order of d 2 is found to be the complex conjugate of the order of d 1 , i.e., d 2 ¼ d 1 . Therefore the value of d 2 for j > 11.34 may be obtained from those presented in 
Case 2
The results for the second case where the boundary conditions are fixed and grounded are shown in Figs. [8] [9] [10] [11] [12] .
Again the results shown in the figures may be summarized in Tables 3 and 4 according to whether j > 11.34 (D > 0) or j < 11.34 (D < 0). First note again that all d i (i = 1, 2, 3) listed in Table 3 are real when j 6 11.34 since D < 0. The boundary conditions which are fixed and grounded for the present case do play a significant effect on d i (i = 1, 2, 3). For the present case there will be stronger order of the stress singularity for d 3 when j > 0.053 and the singularity for d 1 will disappear when j < 0.256 and b < 90.0°.
Listed in Table 4 are the results for j > 11.34. The generalized stress singularities for d 1 and d 2 are complex conjugate to each other again, hence, for j > 11.34 the order of d 2 may be obtained from those for d 1 which are given in Fig. 9 . Finally we see that the order d 3 has no singularity when b < 25.0°.
Case 3
The last case treated is the conditions of the boundary edges one of them is traction-free, electrically insulated and magnetically insulated, and the other the other is fixed, grounded. Numerical results are presented in Figs. 13-17. Results for the last case are again summarized in Tables 5 and 6 . The stress singularity d i (i = 1, 2, 3) listed in Table 5 are all real since j 6 11.34. And there will be stronger order of the stress singularity for d 2 and d 3 when j < 0.053. The order of d 1 will disappear if j < 0.256 and b > 171.0°(see Fig. 12 ) while the order of d 3 will have no singularity when j > 0.053 and b > 90°(see Figs. 16 and 17) .
Listed in Table 6 shows that the feature of d 2 ¼ d 1 preserves again when j > 11.34, which indicates that the order of d 2 for j > 11.34 may be obtained from Fig. 14. Finally we see that the order of d 3 disappear when b > 90°.
Conclusions
In this paper, we deal with the problems of the stress singularity of a magnetoelectroelastic bonded antiplane wedge by complex potential function and eigenfunction expansion method. The orders of stress singularity are real and conjugate complex when D > 0, a 5 0 (the wedge angle of magnetoelectroelastic material 1), b 5 0 (the wedge angle of magnetoelectroelastic material 2) and a 5 b, all the others are real. Due to the magnetoelectroelastic effects, the singular behavior is different from that of an elastic bonded wedge and is similar to that for a piezoelectric bonded wedge. The numerical results show that the stronger order of the generalized stress singularity d which range is À1 to À0.5 may be generated for some special composite materials when the wedge angle a = 180°and b is small angle. Table 5 The order of the generalized stress singularity when j < 11.34. À0.5 to 0 when b < 90°(no singularity when b > 90°)
